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EXPERIMENTAL PYELONEPHRITIS
11. Effect of Partial Ureteral Obstruction on the Course of
Bacterial Infection in the Kidney of the Rat and the Rabbitt
In order to induce experimental pyelonephritis with bacteria of the coliform
group it has been found necessary to injure the kidney in some way before
introducing the bacteria. Ligation of one ureter has been the method em-
ployed most commonly.46'7 This has the disadvantage of causing serious
progressive injury to the kidney, eventually converting it into a thin-walled
sac, which renders difficult a study of the subtle changes of early infection
or of the natural course of the acute pyogenic infection. Mechanical injury,
another procedure which makes the kidney susceptible to infection, involves
the production of areas of hemorrhage and engorgement of the blood ves-
sels."2 The undesirable features of this are the lack of resemblance to the
pathogenesis of human pyelonephritis and the difficulty of distinguishing
between the effects of early infection and those of the preceding mechanical
trauma. It seemed desirable, therefore, to work with an experimental model
in which there was partial ureteral obstruction, compatible with prolonged
survival and function of the renal parenchyma, resembling a condition
which commonly predisposes to the occurrence of pyelonephritis in man.
Such a model has been developed by employing local irradiation of the
ureter.5 The present communication describes the effect of this form of
partial ureteral obstruction on the susceptibility of the kidney of the rat and
the rabbit to bacterial infection.
MATERIALS AND METHODS
Except where specified the methods and materials employed in this study were the
same as those described in the preceding article in this series.'
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Irradiation of the ureter. Animals were anesthetized with pentobarbital sodium
(10-12 mg. intraperitoneally in the rat, 20-25 mg. intravenously in the rabbit). After
removing the hair of the left flank with electric clippers and cleansing the operative
site with 70 per cent ethyl alcohol, an incision was made just below and parallel to the
left lower rib margin. A small segment of ureter, approximately 2-3 cm. from the
ureteropelvic junction, was freed from surrounding tissue and supported by a smooth,
rounded wooden applicator stick. A strontium90 applicator (Tracerlab) was then
placed against the ureter with gentle pressure for the required length of time. This
applicator contains 100 millicuries of strontium90 uniformly distributed in a circular
area with an active diameter of 5 mm. It is a pure beta particle emitter with an output
of 102.6 rep (roentgen equivalent physical) per second at the surface. After desired
irradiation had been given, applicator and wooden stick were removed and ureter re-
turned to its normal position. The peritoneum was approximated with interrupted
cotton sutures and skin wound closed with metal clips.
It was found that in the case of the rat a uniform degree of incomplete ureteral ob-
struction followed exposure to 700 rep. Some rats which received 1000 rep were also
studied. In rabbits, exposure of the ureter to 6000 rep resulted in incomplete obstruc-
tion with moderate hydronephrosis. Irradiation with 4000 rep was associated with dis-
tention of the proximal segment of the ureter but only slight enlargement of the kidney.
Intravenous pyelograms. After induction of anesthesia with pentobarbital sodium, 50
per cent solution of sodium 3,5-diacetamide-2,4,6-triiodobenzoate (Hypaque, Winthrop
Laboratories) was injected intravenously (2 ml. in the rat, 10 ml. in the rabbit).
Pyelograms were obtained 20-25 minutes after injection in the rat and 5-8 minutes
afterward in the rabbit. The technique for exposing the films was 31 KVP (rat) and
46 KVP (rabbit) at 30 milliampere-seconds and 72-inch distance, using par speed
intensifying screens.
Examination of kidneys. With the animal under anesthesia the abdomen was opened
and the kidneys examined. They were then removed; one-half of each was used for
enumeration of bacterial content, the other half placed in 10 per cent neutral formalin
for fixation, after which sections were cut and stained with hematoxylin and eosin.
EXPERIMENTAL
Effect of partial ureteral obstruction on susceptibility of the kidney to
infection. (a) In the rat. Partial ureteral obstruction was induced in two
groups of rats by ureteral irradiation. The presence of obstruction was
verified in each one by pyelography 1 or 2 days prior to inoculation with
bacteria. One group of 14 received 0.5 ml. of a 4-hour broth culture of E.
coli (150 to 200 million bacteria) intravenously on the 7th day following
ureteral irradiation; the other group of 15 received it on the 14th day. The
kidneys were removed one week after the bacterial inoculation, homogenized
in a glass grinder, and cultured quantitatively.
Three of 14 obstructed kidneys in the first group of rats were found to
be heavily infected, i.e., to contain 105 to 107 bacilli. In the other group, 3
of 15 obstructed kidneys were found to be infected. All of the contralateral,
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FIG. 3. Appearance of kidneys of a rabbit 3 weeks after irradiation of the left ureter.
Despite the hydronephrosis, the kidney did not become infected following intravenous
inoculation of bacteria.
FIG. 4. Intravenous
Ak' pyelogram in a rat.
Normal pelvic outline
and proximal ureter
on right of photo-
graph; severe dilata-
tion of kidney pelvis
and proximal ureter
on the left (irradi-
ated) side.Experimental pyelonephritis
unobstructed kidneys in the two groups of animals were uninfected, i.e.,
either there was no growth or the kidneys contained fewer than 102 bacteria,
a quantity which might be expected to persist in a normal organ a few days
after intravenous injection of this inoculum.'
In view of the low incidence of infection in the above two groups of
animals, a third group was irradiated, this time with a slightly heavier dose,
1000 rep. After an interval of two weeks, the 10 animals were examined by
pyelography and all were found to have hydronephrosis but good function,
as judged by dye excretion. They were then given the same intravenous
inoculation of colon bacilli. In addition, 4 rats with ligated ureters were in-
jected with colon bacilli at the same time. One week later all 4 animals sub-
jected to ligation showed heavily infected kidneys but only 2 of the 10 with
partial ureteral obstruction had become infected.
(b) In the rabbit. Because of the low incidence of infection following
intravenous inoculation of colon bacilli in rats with partial ureteral obstruc-
tion, it was decided to conduct similar studies in another animal. Seventeen
rabbits received irradiation of 6,000 rep to the left ureter and 7 were given
4,000 rep. Two weeks later the same inoculum of E. coli was injected intra-
venously. In 3 of the former and 2 of the latter group, bacteriological and
histological evidence of pyelonephritis was found. Complete ureteral liga-
tion was performed in 2 animals; both of these rabbits had heavy infection
when examined one week after the intravenous injection of bacteria. Figure
1 shows the microscopic appearance of early pyelonephritis in one of the
rabbits with partial obstruction which became infected.
The remaining 19 irradiated animals had ureteral obstruction and hydro-
nephrosis which did not differ discernibly from those which became in-
fected. Gross and histological appearances are shown in Figures 2 and 3.
Partial ureteral obstruction and induced staphylococcal infection. Because
of the low incidence of infection following intravenous inoculation of colon
bacilli in rats and rabbits, some experiments were carried out in rats em-
ploying a strain of staphylococcus which had been isolated from a "spon-
taneous" infection in a rat with ligated ureter. This organism was hemolytic
but coagulase-negative and had been maintained in the laboratory by weekly
transfers on nutrient agar. Fourteen rats were treated with 700 rep to the
left ureter and 2 weeks later weregiven 0.5 ml. of 4-hour culture, containing
approximately 200,000,000 organisms. Four of the 14 animals, when ex-
amined 5 days later, showed evidence of staphylococcal infection of the
kidney. This incidence is similar to that already obtained with the strain of
E. coli.
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DISCUSSION
The comparatively low incidence of pyelonephritis in kidneys which had
been subjected to partial ureteral obstruction was an unexpected finding.
Pyelonephritis in human beings is known to occur with much greater fre-
quency when there is partial obstruction to free flow of urine, as by tumor,
stone, or developmental defect. In these experiments, although conspicuous
hydronephrosis had been caused, and bacteria had then been deliberately
introduced, only about 1 in 5 of the animals developed infection in the ob-
structed kidney. This is in contrast with the effect of ureteral ligation, where
infection had been found to result in nearly every instance, using a similar
infectious inoculum. Moreover, other workers have found that complete
ureteral obstruction for only a few minutes or a few hours may cause the
kidney to be highly susceptible to infection.8'6
There is no obvious explanation for the present findings. Comparison of
the pyelograms done prior to the bacterial inoculation did not reveal a dif-
ference in the extent of hydronephrosis in the two groups. Certainly there
was no sign of complete ureteral obstruction in the animals which became
infected, although the possibility cannot be excluded that transient periods
of complete obstruction, comparable to those in the experiments of others
just cited, may have existed. This aspect of our findings, however, seems
of less significance than the fact that infection failed to develop in a high
proportion of animals with severe hydronephrosis.
The question may be asked whether the different effect of complete and
partial ureteral obstruction may not be a matter of interference with excre-
tion of organisms, i.e., that with partial obstruction bacteria are discharged
into the ureteral lumen and carried away, whereas in complete obstruction
they cannot be eliminated and hence multiply locally. In view of the fact that
these bacteria do not appear in the urine of animals with normal kidneys
following intravenous inoculation, it seems unlikely that this is the decisive
factor.
Stagnation of urine flow is frequently cited as the factor which renders
the urinary tract susceptible to infection in obstructive disease. The results
obtained here do not indicate that this is of first importance, since the ex-
tensive hydro-ureter and hydronephrosis obtained by this method would
prolong considerably the rate of passage of urine and bacteria through the
upper urinary tract.
Other explanations can be suggested to account for the difference in
effects of complete and partial obstruction on the susceptibility of the kidney
to coliform bacterial infection. The chemical alterations which occur in the
kidney substance in the presence of sudden and complete ureteral obstruc-
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tion may favor bacterial growth or hinder antibacterial actions. With
chronic, partial obstruction, alterations in lymph flow may develop to a
degree not achieved with abrupt complete obstructions. Similarly, there may
be differences in blood flow through the kidney with the two types of
preparation. Although increases in hydrostatic pressure within the kidney
obviously accompany both kinds of obstruction, there may be considerable
differences in the two procedures.
SUMMARY
A study has been made of the effect of partial ureteral obstruction on the
susceptibility of the kidney to infection. The method involved direct ir-
radiation of the ureter of rats and rabbits. The presence of significant ob-
struction was verified in each animal by intravenous pyelography prior to
bacterial injection. The bacteria employed to induce infection were E. coli
and a strain of Staph. aureus which was hemolytic and coagulase-negative.
Bacterial inoculations were given 1 week or 2 weeks after the irradiation.
Infection occurred in only about 20 per cent of rats or rabbits with in-
complete occlusion of one ureter. This is in contrast with the effect of com-
plete ureteral obstruction, which, with the same bacterial inoculum, causes
infection almost without exception.
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